breeding at the university. S.B. Greene began crossing apples in 1888 as the first head of the Dept. of Horticulture at the university. Charles Haralson was the first superintendent of the Fruit Breeding Farm. The 'Haralson' apple, the most widely grown cultivar in the state, bears his name. Important individuals who followed him included M.J. Dorsey (1908-21) , W.H. Alder-man (1919 -53), A.N. Wilcox (1923 , and C. Stushnoff (1967-80) . The efforts of these scientists and their coworkers have led to the introduction of some 80 cultivars of various fruits (Table 1) to enhance fruit growing in this harsh continental climate. Some are widely grown, such as 'Latham' raspberry, 'Trumpeter' strawberry, and 'Beacon' and 'Haralson' apples. The 'North Star' cherry, 'Sungold' and 'Moongold' apricots, 'Red Lake' currant, and several plum cultivars still are commonly planted in gardens in the northern United States and Canada.
The current fruit breeding program remains comprehensive, with substantial efforts in apple, wine and seedless grapes, blueberry, strawberry, and raspberry. The objective in breeding all these crops is to combine high levels of fruit quality with low-temperature tolerance or avoidance mechanisms. A major goal of the program always has been to develop new crops with commercial potential for the region. Consistent with this goal, major efforts in the past 20 years have been devoted to developing grape and blueberry cultivars with sufficient hardiness and quality to be cultivated commercially. The current strawberry breeding program is in cooperation with G.J. Galletta of the U.S. Dept. of Agriculture (USDA) and seeks to incorporate resistance to red stele root rot (Phytophthora fragariae Hickman) in cold-tolerant, high-quality cultivars. In the apple breeding program, selection emphasizes cold tolerance, high dessert quality, and resistance to firelight [Erwinia amylovora (Burr) Winslow et al.] . Enhancement of the primocane fruiting habit as a means of low-temperature avoidance is a major objective in red raspberry breeding (Hoover et al., 1988; Luby et al., 1987) . In addition to breeding, we have acquired cultivars of these and other fruit crops from around the world to test them for adaptation in the region.
Selection for fruit quality in the breeding program is enhanced by using trained sensory panels to evaluate both fresh and processed fruit. These panels, under the direction of S.T. Munson, characterize and compare genotypes in advanced testing stages using a difference/descriptive score card (Heintz and Kader, 1983; Larmond, 1977) . The information generated is used to characterize new cultivars and select parents for further crossing.
EVALUATION OF COLD HARDINESS
Although knowledge of the physiology of cold hardiness has been advanced considerably in the past two decades, detecting consistent genetic differences in cold hardiness remains a difficult task (Quamme and Stushnoff, 1983) . The difficulty stems, in part, from the complex nature of cold hardiness as a trait. Stushnoff (1972) listed seven components of acclimation and deacclimation to low temperature: a) time of development of cold tolerance, b) rate of development of cold tolerance, c) intensity of tolerance developed, d) retention of cold tolerance, e) onset of loss of tolerance, f) rate of loss of tolerance, and g) ability to regain tolerance. Because timing and intensity of low temperatures vary from year to year and among diverse locations within the region, plants are being selected for a target population of environments that encompasses virtually an infinite set of combinations of alternating temperatures during the fall-winter-spring seasons. Genotypes would be expected to vary for the seven components of acclimation and deacclimation described above, and this suggests that there should be considerable genotype-environment interaction for cold hardiness as a trait. Indeed, this is the case in studies in which a set of genotypes is repeatedly evaluated for low-temperature injury (Cain and Anderson, 1980; Fear et al., 1985) .
The importance of genotype-environment interactions for cold tolerance was illustrated recently in our program. Following each of three winter seasons, Fear et al. (1985) scored 50 blueberry families from a partial diallel mating scheme for winter injury using a subjective rating scale similar to those used by many fruit breeders. Heritability estimates (family-mean basis) in individual years was fairly high, ranging from 0.45 to 0.78. However, the years were diverse in amount of snow cover and temperature regime, and because of genotype-year interaction effects, the heritability estimate over combined years was 0.02. The implications from these results are that identifying genotypes that perform well every year will be difficult and that testing must be performed in a large sample of the target population of environments. Conversely, if we characterize each test environment (either in the field or in the laboratory) so that we know which components of cold tolerance or avoidance we are selecting for in each test, selection can be effective for plant responses that minimized low-temperature injury in that test.
Cold hardiness of genotypes in the Univ. of Minnesota program is assessed using laboratory freezing tests and multiple-location field testing. Laboratory freezing tests are conducted in a manner similar to that described by Holubowicz et al. (1982) . The most tender tissue of the plant (e.g., xylem for apple, fruit-producing buds for grapes and blueberries) is assayed for tissue browning following exposure to low temperatures in a controlled freezing chamber. Such tests are usually performed once or twice each winter during late December to early February to assess midwinter low-temperature tolerance. Ideally, the tests should be conducted several times from late fall through spring. However, shortages of personnel and plant tissue, especially in the early stages of evaluation in the breeding program, limit the number of tests performed. We find that laboratory freezing tests are most useful to confirm differences among genotypes observed in field test results over several environments.
"Test winter" conditions have always been critical to progress in selecting for cold tolerance (Quamme and Stushnoff, 1983; Stushnoff, 1972) . During many years (or at one location in a given year), the temperature regime and snow cover result in no substantial injury or in severe injury to all genotypes. Ideally, the test winter should result in differential low-temperature injury among genotypes. Yet, each test winter can provide slightly different challenges to the acclimation and deacclimation capabilities of a plant. Therefore, exposure to as many different test winters as possible during the testing of a genotype will provide a more complete assessment of potential adaptation.
In Minnesota, extensive field testing is conducted at experiment stations throughout the state, as well as at sites of cooperating producers. Advanced testing (using cloned genotypes) is conducted at two to six locations in Minnesota, depending on the crop. At the main breeding station at Excelsior, we experience test winters once or twice in 5 years for our elite grape, strawberry, raspberry, and blueberry breeding material and perhaps only once in 10 years for apple. By testing at multiple locations, advanced selections usually experience one or more test winter situations each year. Propagating and testing at many sites require higher initial expenses than multiple-year observations at a single location. However, for the complex traits of cold hardiness, the greater discrimination ability or higher potential rate of gain from selection on a per-year basis (Hansche, 1983) makes selection based on multiple-location testing essential in long-lived perennial plants.
THE ROLE OF GERMPLASM ACQUISITION AND
EVALUATION Fruit breeders in cold climates usually have many high-quality fruit genotypes available to them, but, most often, these are insufficiently hardy. Conversely, most of the very hardy genotypes are of mediocre or low quality. Combining these types of germplasm followed by repeated selection has been the slow but effective method used thus far to develop high-quality, hardy genotypes.
Acquisition and identification of certain cold-hardy genotypes have been critical factors in the success of the Minnesota program from its initiation. For example, in the apple breeding program begun at the turn of the century, the cultivar Malinda played a pivotal role (Dorsey, 1919) . 'Malinda', originated in Orange County, Vt., and imported to Minnesota about 1860, was recognized for its hardiness, although its quality was only mediocre. Some 3800 seedlings from open-pollinated 'Malinda' seeds were evaluated through the 1910s, including the severe winter of 1917 -18 (Dorsey, 1919 . The seed source was an orchard planted to, in addition to 'Malinda', several of the high-quality cultivars of the era. From this population, several cultivars were introduced directly, and 'Malinda' appears in the ancestry of many Univ. of Minnesota apple introductions to this day (Table 1) .
Germplasm acquisition and evaluation are, perhaps, more systematic today than they were in the early part of this century. Case histories of our blueberry and grape programs illustrate the continued importance of identifying key genotypes and, particularly, the importance of collection and evaluation of wild germplasm.
